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1. INTRODUCTION

The solar decimeter wavelength continuum bursts are broadband, extending

over hundreds of megahertz and lasting for tens of minutes. They are usually

associated with type IV bursts at meter and centimeter wavelengths, although

sometimes the weak decimeter wavelength (dcm-X) continuum events may be

associated with centimeter "gradual rise and fall" (GRF) bursts. The

decimeter bursts consist of a smooth background continuum emission with the

superposition of a succession of bursts of fine temporal structure (Kundu,

1965). The decimeter type IV bursts are usually considered to be extensions

of cm-A type IV bursts (Kundu, 1965). However, the dcm-X continuum lasts for

a much longer time, often until after an associated Ha event is over; this

implies that the dcm continuum can sometimes be identified with the post-flare

phase.

In the past, impulsive dcm-X bursts of relatively short duration have

been mapped with high spatial resolution in one dimension using the Westerbork

Synthesis Radio Telescope (WSRT) by Bregman and Felli (1976) and Drago and

Palagi (1980). Velusamy and Kundu (1981) produced the first two-dimensional

snapshot synthesized maps on 19 May 1979 of a long lasting (> 2 hours) burst
at 20 cm-X, using the Very Large Array (VLA). They showed evidence that the

burst emission originated in post-flare loops mapped at 20 cm and provided

estimates of magnetic field strengths within the flaring loop in which the

radio emitting electrons were trapped. This event was simultaneously observed

in soft X rays by the SOLEX X-ray spectrometer/spectroheliograph aboard the

P78-1 satellite. In this report we present a comparison of the burst source

observed at 20 cm with the VIA and in soft X rays.
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The only other reported radio event observed in association with the 20

cm burst was a GRP burst at 3 cm (Solar Geophysical Data, 1979b). Since GRF

bursts usually have spectral maxima at wavelengths S 10 cm (Guidice and

Castelli, 1975), the GRF burst probably did not contribute significantly to

the emission at 20 cm. Furthermore, the associated X-ray emission was more

impulsive than typical GRP X rays (Sheeley et a1., 1975), and, as we shall

show, the X-ray emission was closely associated with the 20 cm burst.

We would like to point out that the time resolution of the VIA is 10 sec

and therefore any fast time structure which might be superimposed on the

continuum would be washed out; our study will thus be concerned only with the

continuum. The generating mechanism for a type IV continuum emission at 20 cm

is primarily gyrosynchrotron radiation from nonthermal ( Z 102 keV) electrons

which are invisible in soft X rays. However, since we are dealing with the

burst emission long after the Ha flare is over, it is possible that the burst

emission in this post-flare decay phase could be, at least partially, thermal

gyroradiation at the first two or three harmonics of the gyrofrequency

(Velusamy and Kundu, 1981, henceforth VK). The comparison of the 20 cm and X-

f ray images of the burst source therefore makes it possible to determine the

fraction of thermal and nonthermal emission in the burst.

I.8
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2. OBSERVATIONS

The period of time during which both VLA observations (VK) and P78-I X-

ray observations overlapped was from 19:55 to 21:50 UT on 19 Hay 1979. This

interval includes two X-ray flares: one of importance MI (20:35-20:53) and

another of importance C7 (21:07-21:25) seen in the GOES 0.5-4 A and 1-8 A

channels (Solar Geophysical Data, 1979a) and two very faint Ha subflares (S.

F. Martin, personal communication) seen at 20:35 very close to the limb in

Mcfath region 15999 (N17 W80) and at 20:41 in McMath 16014 (N17 W50). The two

active regions were each bipolar in the same sense (Solar Geophysical Data,

1979b), and most of the 20 cm and X-ray bursts occurred just west of the

midpoint between the two regions. A quiescent filament which defines the

magnetic geometry between these regions lay north of the midpoint. It showed

no changes during the GRF, as confirmed by San Fernando Observatory (S. F.

Martin) and Culgoora Observatory (K. Sheridan) filtergrams.

The limbward region, McMath 15999, was at least one rotation old and

growing in area from the time of passage across central meridian to the day of

observation. The easterly region, McMath 16014, was new, and rapidly growing

in size from 11 to 21 May. Regions further west at this latitude crossed the

limb before - 16 May and were declining in activity (Solar Geophysical Data,

1979b), so they were almost certainly not responsible for the observed activi-

ty above the limb.

2.1 THB P78-I X-RAY EXPERIMENTS

The Solar X-Ray Spectrometer/Spectroheliograph aboard P78-1 has been

described by Landecker et al. (1979), Landecker, McKenzie and Rugge (1979),

9



and Landecker and McKenzie (1980). The two (of four) experiments that pro-

vided data for this report were the SOLEX Bragg crystal X-ray spectrometer/

spectroheliograph and the MONEX uncollimated X-ray monitor.

The SOLEX experiment provides either monochromatic raster maps or spectra

in the 3-25 A range. The raster data presented here include large (45 arc min

square) and small (5 arc min square) rasters made with collimations of 20 arc

sec in X-ray emission lines of Mg XI and Si XIII (SOLEX A) and 60 arc sec in

emission lines of 0 VII, 0 VIII and Fe XVII (SOLEX B). The ras' - maps are in

the lines of 0 VII 21.60 A, 0 VIII 18.97 A, Mg XI 9.17 A, Fe 1 15.01 A and

Si XIII 6.64 A. The formation temperatures of these lines ge from - 2 x

106 to - 107 K, characteristic of the temperature range frc. t quiescent

corona to the hotter "post-flare loops."

The HONEX experiment consists of a low energy monitor (LEM) for the 1-18

keV range, and a high energy monitor (HEM) for the 18-230 keV range. Each

monitor records 6 channels of pulse height data every 1.024 sec. Figure I

shows the LEM data along with the GOES data (courtesy of NOAA) for the time

period 19:20-23:10 UT, 19 May 1979. LEM channel 3 (nominally 3.5-5.7 A; the

LEM has no inflight calibration) is similar to the 1-8 A range of GOES, and

channel 4 (2.1-3.5 A) is similar to the 0.5-4 A range. (The high background

counting rates due to charged particles in the radiation belts have been

suppressed in the MONEX data shown in the figure.)

The impulsive phase of the M1 flare starting at 20:36 was missed by P78-I

during orbital night, but the C7 flare at 21:07 was observed in LEM channels

1-5 and HEM channels 1-3. These events are discussed below along with the

images provided by SOLEX and the VLA.

10
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Fig. 1. Low energy monitor (LEM) an' GOES data for 19:20 to 23:10 in on
19 May 1979: (a) MONEX LEM channel data for three orbits of
P78-1. Six channels cover 1-18 keV X-ray range; as their
energy decreases, counting rates increase. (b) GOES X-ray data,
1-8 A and 0.5-4 A (courtesy of NOAA). "Pre-heating" starts
at -20:00, M1 flare at 20:36, and C7 flare at 21:07.
(c Source fluxes (upper graph) and peak brightness tempera-
tures T (lower graph) at 20 cm for sources #1, #2, and #3,
computel from data of Velusamy and Kundu (1981). Dotted
curve shows visibility data f or closest baseline pair, which
provides the lowest spatial frequency component of the burst.



2.2 THE VLA IMAGES

Thirteen maps at 20 cm wavelength were produced by VK for the period

19:55-22:15 UT. Each of these maps incorporates 6 minutes of data, with a

beam 12 x 24 arc sec in size. VK identified 3 main sources: #1 on the disk

near the southern end of the filament (Figures 2a, b), #2 mostly above the

limb and close to region 15999, and #3 to the east of the filament and further

inside the limb. These sources are quite variable (see Fig. 4 of VK) and, in

particular, source #2 extends to heights much greater than shown in the long

integration map of Fig. 2. Using the original tabulations of the radio maps,

we have computed time profiles of flux and peak brightness temperature for

each source (see Fig. 1). (The curves connecting the points are mainly to

guide the eye, and are not meant to indicate interpolations.) The total flux,

computed from the entire maps, is very nearly equal to the sum of the 3 source

fluxes. That is, other sources and negative noise produced by the map

cleaning" program do not significantly contribute. Furthermore, comparison

of the total map flux with the visibility (dotted curve) shows a very close

correspondence from 20:27 to 21:45, with the total map flux. (The visibility

is the magnitude of the correlation obtained from the closest antenna pair,

and therefore shows the lowest spatial frequency component.) Total power

records could not be obtained with the VLA in 1979. Differences between the

curves before and after the above interval indicate that the single antenna

pair used for the visibility data did not map all the flux.

Table I shows the timing of the peaks in X rays and microwaves shown in

Fig. 1. There are five main points to note concerning the development of the

sources.

12
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Fig. 2. (a) Ha filtergram at 17:43 (courtesy of Sac Peak National
Observatory): field of view, 6' x 6', co-aligned with 20 ca
map; celestial north is up. (b) Very Largo Array 20 cm map for
period 20:17 to 21:56, showing relation of burst sources to Hm.

J Figure 4 of Velusamy and Kundu (1981) shows variations in tim-
averaged sources. Dashed curve Indicates itub and is co-aligned
with dashed curves in (c) and (d); celestial north is up.
(c) Portions of full disk X-ray spectroheliogram in Ng X1 at 21:04
during decline of 141 flare. Tick marks on edges of field are at V'
intervals (collimator full-width at half-msaximm field-of-view
is 20;).u Np at arrow Indicates solar north. (d) 0 V11 spectro-
heliogra at 21:14. Co-registratione with Na XX apetrohol.-
gram are Indicated by matching tick marks, co-aligned to -12".
Nat arrow Indicates solar north. Data were recorded through

SOLEX B 60" FWHN collimator.
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Table 1. Development in X Rays and Microwaves

U.T. X-Rays Microvaves

19:55 Onset of X-ray buildup Rise In 20 cm flux, sources #2, #3

20:36 Peak ratio of hard/soft 20 ca source #2 contains aost of
GOBS channels impulsive the flux
phase of MI flare (oc-
curred during P78-1 night)

20:56 WS XI raster shows flare Source #2 has declined
at limb

21:07 C7 flare impulsive phase, Source #1 rising
seen in LEM (1-5) and
O1N (1-3) channels

21:30 Small raster* show roughly Source #1 peaks, while #2 has
constant *mssion measure declined
amd temperature

21:52 Only declining MN" fluxes Source #2 peaks.

I14
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(a) Before the MI flare onset at 20:36 there vas a general rise in the

20 cm flux, as shown by the visibility curve (and as noted by VK). This

appears to be associated with the "pre-heating" in X-rays seen in the P78-1

LEM and GOES channels, starting at ~- 19:55. This pre-flare buildup time

profile is very similar to that of the 9.6-19.2 keV OGO-5 profile preceding

three flares reported by Kane and Pick (1976), except that the buildup here

lasted -30 minutes, as compared with - 10 minutes in the earlier flares.

(b) At the onset of the MI flare, the 20 CM source #2 (on the average,

at the limb in Fig. 2 and frequently higher in VK Fig. 4) emitted most strong-

ly. Note that this is In contrast to the pre-flare emission, which was mainly

In source I (near the filament). This is reminiscent of Kahler's (1979)

result that the pre-flare X-ray kernel was not the kernel that flared.

(c) The C7 X-ray flare at 21:07 was associated with a rise in source #1,

although the exact rise time is not known to better than - 5 minutes.

(d) The decline of the C7 and MI f lares corresponds to a decline in

source #1 and a rise In source #2. The peak In total flux at - 21:52 was

concentrated mainly in the off limb source #2, but was not associated with anyt soft X-ray enhancement.

(e) During the rises and declines of source 02 described above, there

were corresponding rises and declines, with the same phase, in source #3 about

200,000 km further onto the disk. This suggests that there were large scale

MafT connections between thee* two sources.

15



3. THERMAL PLASMA IN X RAYS AND MICROWAVES

At 20:49 UT, shortly after the onset of the MI flare, P78-I came into

sunlight. The plasma was rapidly cooling, as judged from the GOES data (Fig.

Ib). The ratio of the hard-to-soft X-ray channels (computed from the data

provided by N.O.A.A., Fig. ib) reached a maximum (0.164) at 20:36, and

declined by a factor of 0.29 by 20:49. This corresponds roughly to a decrease

from 1.5 x 107 K to 1.3 x 107 K, according to spectral estimates derived by

Landini and Monsignori Fossi (1979). Full-sun spectroheliograms were obtained

by SOLEX, starting at 20:56. Figures 2c and 2d show contours of a 6' x 6'

area of the first image at 21:04 in Mg XI 9.17 A and the second in 0 VII

21.60 A at 21:14. (These are the times the spatial maximum was scanned, not

start of raster.) The X-ray source appears about 1' above the limb,

corresponding to McMath region 15999. However at this time, the brightest 20

cm source was #1, (Tb m 2 x 106 K) about 2 arc minutes to the northeast. The

limb source #2, closely associated spatially with the brightest pixel in Mg XI

or 0 VII, was fainter (Tb 1 1 x 106 K). (It is worthwhile noting that the

snapshot map at 21:17 in VK's Fig. 4 shows a better correspondence between the

X-ray position and that of source #2 than the time-averaged map of Fig. 2.)

To check the correspondence between brightness temperatures and electron

temperatures, we have computed emission measures and electron temperatures

from the SOLEX spectroheliograms. These are shown in Table II. SOLEX is

equipped with multigrid collimators (McGrath, 1968; Landecker et al., 1979),

so the instrument response depends on the position of the source within the

field of view and on the source morphology. For SOLEX B, the tabulated fluxes

include a factor of 2.9, which converts the maximum measured flux to the flux

for the entire emitting region. For SOLEX A the source was compact, with its

17
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N-S extent decreasing late in the observing period (see Figure 3). Therefore,

we used a correction factor of 5.5 before 20:36 UT, the time of the M1 flare

onset, and 2.4 thereafter. The latter factor is quite uncertain since the

inferred source size is comparable to the collimator FWHM field of view.

There are two additional sources of uncertainty in the data in Table UI.

Because the line spacing and readout interval for large rasters are coarser

than for small, the region included in the brightest large raster pixel may

not correspond exactly to that for the brightest small raster pixel. Also,

although the SOLEX B response is well understood (McKenzie and Landecker,

1981), the SOLEX A crystal reflectivity is poorly known, especially in the

region around the Xg XI lines. Thus the Mg X1 fluxes may be underestimated by

as much as a factor of two. However, the flux ratios involving Mg XI are far

from unity, and the derived temperatures are not very sensitive to the flux

values. None of the sources of error discussed here will affect the general

conclusions drawn below.

The table includes data from pre-flare small rasters, large rasters

during the decline of the Ml flare, and small rasters later on. Whenever two( rasters were closely spaced in time, we have computed a temperature based on
the line flux ratio in the region surrounding the brightest pixel. The fact
that different line pairs give different temperatures may indicate that the

plasma was not isothermal. The temperatures thus determined average -3 x 106I K. The emission measures, calculated at this temperature and tabulated in the

table, vary both as a function of time and as a function of the ion

involved. The variation with ion species Is another sign that the plasma was

not isothermal. As a better indicator of the temperature structure, we have

calculated the differential emission measure, d(EM)/dT, at the temperature

(T.) of maxima. emiuuivity for each Ion. To obtain d(SM)/dT, we converted the



Fe XVII 15.01 A 1955 UT 0 VIII 18.97A 1957 uT 0 VII 21.60 A 1959 UT

M0 II 917 A 201 UT 0g VXl 18.17A 210 UT FePVRO1.0 A 28 TO

.13 33t.,16

0g VI 217 A 201 UT Mg Vi 18.17 A 213 UT Me XI 9.1 A 2134 UT

i Fig. 3. SOLEX small raster spectroheliograss in several X-ray lines dur-

~ing flare-buildup and flare-decline periods. Count rates (per
32 sec) are indicated on contours; crosses denote nominal
raster centers. It XI SOLEX A rasters are centered 14" S and

28" £ of other rasters; pointing wam shifted 20" S at 21:25.
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flux to emission measure at Tm and divided it by AT, the full width at half-

maximum of the emissivity-vs-temperature curve. The differential emission

measure is shown in the last column of Table II. While the excitation and

emission processes for the lines studied here are well understood, the dif-

ferential emission measure function is subject to errors arising primarily

from uncertainties in element abundances (McKenzie and Landecker, 1982).

Nevertheless the function can be described qualitatively and compared at

different times. In particular, at least above - 3 x 106 K, it fell with

increasing temperature and was very small for T > 5 x 106 K at all times.

We can now examine the VLA brightness temperatures with the aid of the

information provided by the X-ray maps. For a thermal source of area A the

optical depth at 20 cm is

• - 8.9 x 10
- 2 0  EM(T)

AT31

If r > 1, Tb - T and if T << 1, Tb - TT. The SOLEX B rasters in Table II are

characterized by T - 3 x 106 K, EM -4-12 x 1048 cm- 3 , and A - 2 x 1019 cm2

(diameter w 70"). This gives T * 3-10 at 20 cm, so the regions were optically

thick. The Mg XI emission came from much smaller regions having higher tem-

peratures. These regions were probably also optically thick at 20 ca. We

have computed the blackbody flux at 20 ca expected from source #2 by using the

parameters derived from the SOLEX B rasters: T - 3 x 106 K and A - 2 x 101 9

cm2 . The calculated flux is 1.9 sfu (I sfu - i022 W i - 2 Hz-l), a value

comparable to what is shown for source #2 in Figure 1. However, the flux

dropped below 1.9 sfu at times (Figure 1), while the X-ray maps changed very

little (Figure 3). Further, as we will argue below, at least some of the time

the 20 cm emission from source #2 was nonthermal. Thus the thermal emission

22



r

should have been below 2 sfu. This can be explained provided that the emis-

sions arose from small (i.e., unresolved) structures that were optically thick

at 20 cm. That is, the "filling factor" (source area + beam area) was less

than one. An alternative explanation is that, since the emission measure

decreased with increasing temperature, the radio telescope may have seen

primarily cooler material and hence lower flux. There is some indication that

the X-ray loops were higher than the time-average source #2 (see Fig. 2) and

therefore that the lower loops seen by the VLA were cooler.

At - 20:50 UT the brightness temperature of source #2 at 20 cm reached a

peak of 2.5 x 106 K, in agreement with the X-ray results. The source then

faded to Tb - I x 106 K in about 25 minutes. This decay paralleled the

decreasing ratio of the higher to lower energy MONEX (or GOES) channels.

SOLEX was in the large raster mode during this time, so changes in the soft X-

ray line emission cannot be assessed. It is interesting to note, however,

that the Fe XVII raster at 21:28 UT (the time of minimum 20 cm flux) showed

intensities almost twice those obtained at 19:55 UT, when the 20 ca flux in

source #2 was higher.

(

1
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4. NONTHERHAL PLASMA

As an alternative to thermal emission at 20 cm in this event, VK sug-

gested gyrosynchrotron emission from mildly relativistic electrons trapped in

magnetic loops above the active region. This possibility seems attractive for

several phases of the event when source brightness temperatures differed from

the electron temperatures deduced from the SOLEX, MONEX, and GOES X rays.

4.1 LIMB SOURCE

In the preceding section we have noted the decline of microwave source #2

to a minimum value of Tb m 1 x 106 K at approximately 21:25 UT. Following

this, the source brightness temperature increased to Tb m 4 x 106 K by 21:55

(Figure 1). The flux increased by about the same factor. During this micro-

wave rise the counting rates in all MONEX channels fell, and the spectrum

softened. The cooler component observed in X rays by SOLEX did not change

appreciably before 21:45, by which time the 20 cm flux had doubled from its

minimum value. This can be seen from Figure 3 and Table II -- the 0 VII and

Mg XI rasters recorded at - 21:33 were virtually identical to those

at - 21:45. It appears, therefore, that much of the flux from source #2 was

of nonthermal origin, probably at relatively low harmonics of the gyrofrequen-

cy. Pre-existing magnetic loops may have become populated with mildly relati-

vistic electrons during the 30-minute flux increase. This suggestion is

consistent with the lack of gross change in the region's X-ray morphology, but

it must be remembered that the spatial resolution, especially of SOLEX B, is

rather coarse.
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4.2 DISK SOURCES

Another likely candidate for nonthermal emission is source #1 at about

20:55 and 21:25 when it had Tb(max) - 4 x 106 K and 5.5 x 106 K, respectively

(see Fig. 1). The first event may be associated (temporally) with the Ml

flare, but as we have seen, the X-ray images (during the declining phase) show

a different location (the limb) than the source #1 position (near the fila-

ment). Since P78-1 was in darkness at 20:55, we are unable to say more about

this peak of source #1. However, the second peak of source #1 occurred during

the large rasters, and as Figure 2d shows, the X-ray emission was relatively

weak at the location of source #1. The emission measures in that region were

about an order of magnitude weaker in 0 VII and Mg XI than those of the limb

source. We note that the MONEX LEM data show a sudden increase at 21:17 UT

and a sudden decrease at 21:25. We attribute this to a data artifact and not

to any event on the sun.

There were also two peaks in 20 cm flux in source #3 (at - 20:55 and

21:55), located to the northeast of the other sources. The large rasters show

no detectable X-ray flux at this site, but the location was outside the field

of the small rasters so we cannot be sure about X-ray sources at the times of

the peaks. Nonetheless, the rise and fall of source #3 (see Fig. 1) is simi-

lar to the rise and fall of source #2, which as we have argued above, is of

nonthermal nature. It therefore seems probable that the two sources were

connected by magnetic field lines. In fact the photospheric magnetogram

(Solar Geophysical Data, 1979b) suggests that a magnetic connection was pos-

sible from the leader polarity of McMath 16014 (on the disk) to the trailer

polarity of McMath 15999 (near the limb). In this scenario, source #1 is a

loop system (see VK) rooted beneath the source 2-3 loop.
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5. DISCUSSION AND CONCLUSIONS

In comparing spatially resolved microwave and soft X-ray emission associ-

ated with a flare loop event, we have identified both thermal and nonthermal

sources. At 20:50 UT, the time of maximum 20 cm flux from the source (#2)

associated spatially with the declining X-ray flare, as much as one-half of

the 20 cm flux may have been thermal bremsstrahlung from the X-ray "post-

flare" loops. The rest of the emission in the 20 cm maps at that time was not

associated spatially with X-ray features, and was probably of nonthermal

origin. Subsequent increases in the flux from source #2 (at least) were

apparently unrelated to the soft X-ray source with temperature - 3 x 106 K,

since the X-ray emission did not change in connection with the radio emis-

sion. The explanation that the 20 cm peaks arose from material that was so

hot C 1.3 x 107 K) that it produced no signature in the SOLEX rasters is

implausible, for there were no observed increases in the MONEX LEM flux.

Thus, we conclude that after the decline of the thermal source (by 21:25 UT)

almost all of the emission must have been of nonthermal origin, probably as

part of a separate event involving mildly relativistic electrons in large-

scale magnetic structures connecting the two active regions in the field of

view. This is consistent with the interpretation (given by VK) of the 20 cm

burst as being a type IV source.
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LABORATORY OPERATIONS

The Laboratory Operations of The Aerospace Corporation is conducting exper-

imental and theoretical Investigations necessary for the evaluation and applica-

tion of scientific advances to new military apace systems. Versatility and

flexibility have been developed to a high degree by the laboratory personnel is

dealing with the many problems encountered in the nation's rapidly developing

space systems. Expertise in the latest scientific developments Is vital to the

accomplishment of tasks related to these problems. The laboratories that con-

tribute to this research are:

Aerophysics Laboratory: Launch vehicle and reentry aerodynamics and heat
transfer, propulsion chemistry and fluid mechanics, structural mechanics, flight
dynamics; high-temperature cheruomechanics, gas kinetics and radiation; research
in environmental chemistry and contamination; cw and pulsed chemical laser
development including chemical kinetics, spectroscopy, optical resonators and
beam pointirg, atmospheric propagation, laser effects and countermeasures.

Chemistry and Physics Laboratory; Atmospheric chemical reactions, atmo-
spheric optics, light scattering, state-specific chemical reactions and radia-
tion transport in rocket plumes, applied laser spectroscopy, laser chemistry,
battery electrochemistry, space vacuum and radiation effects on materials. lu-
brication and surface phenomena, thermionic emission, photosensitive materials
and detectors, atomic frequency standards, and bloenvirormental research and
monitoring.

Electronics Research Laboratory: Microelectronica, GaAs low-noise and
power devices, semiconductor lasers, electromagnetic and optical propagation
phenomena, quantum electronics, laser communications, lidar, and electro-optics;
communication sciences, applied electronics, semiconductor crystal and device
physics, radloetric Imaging; millimeter-wave and microwave technology.

Information Sciences Research Office: Program verification, progrem trans-
lation, periormance-sensitive system design, distributed architectures for
spaceborne computers, fault-tolerant computer systems, artificial Intelligence,
and microelect ronics appl ications.

MateriAls Sciences Labortr: Development of new materials: metal atrix
composites, polmers. and new forms of carbon; component failure analysis and

reliability; fracture mechanics and stress corrosion; evaluation of materials in

space environment; materials performance in space transportation systems; anal-
ysts of systems vulnerability and survivability in enemy-induced environments.

Space Sciences Laboratory: Atmospheric and ionospheric physics, radiation
from the atmosphere, density and composition of the upper atmosphere, aurora.
and airglow; magnetoepheric physics, cosmic rays, generation and propagation of
plasma waves in the magnetosphere; solar physics, infrared astronomy; the
effects cf nuclear emplosion*, magnetic stom. and solar activity On the
earth's atmosphere, ionosphere, and magnetosphere; the effects of optical.

electroaagnetic, and particulate radiations in space on *pace system .


